Objective: Body fat redistribution ('lipodystrophy'), with gain in abdominal and trunk fat, and decline in facial and limb fat, is a newly recognized problem in patients with HIV infection that has been linked to use of HIV-1 protease inhibitors. Increased abdominal fat may predispose these patients to hypertension, diabetes, and coronary artery disease. At this time no effective treatment is available. We examined whether exercise training could reduce trunk fat in men with fat redistribution.
Introduction
Recent reports indicate that patients taking highly active antiretroviral therapy (HAART) may develop a syndrome of fat redistribution, also known as lipodystrophy, with an increase in fat in the abdomen, posterior neck ('buffalo hump') and breasts, and a loss of subcutaneous fat in the face and extremities [1, 2] . Because increased abdominal fat is associated with insulin resistance, hypertension, and coronary artery disease [3] , this could cause significant morbidity and mortality in HIV-infected patients. Exercise can reduce weight and coronary artery disease risk factors in populations without HIV infection [4, 5] , and can cause weight gain in patients with AIDS wasting [6] , without increasing circulating HIV RNA [7] . We therefore carried out a pilot study to examine whether a combination of progressive resistance training and aerobic training could reduce truncal fat in patients with HIV-associated lipodystrophy.
Methods
Sixteen HIV-infected men responded to advertisements and were invited to participate in the study. Inclusion criteria were documented HIV infection, participation in the Nutrition for Life cohort study, and self-reported increase in abdominal girth. Exclusion criteria included the use of anabolic steroids, growth hormone, or megestrol acetate; lack of availability to exercise three times per week for approximately 1 h; and inability to give informed consent. Fourteen men enrolled in the 16-week study, and 10 completed it. The reasons for discontinuation were illness in three of the men (one of whom died) and difficulty with scheduling in one. All dropouts occurred within the first 6 weeks of the study, and their results are not included in this analysis. The study was approved by the Human Investigations Review Committee of Tufts University and New England Medical Center. The main outcomes were a change in total and trunk body fat, as assessed by dualenergy X-ray absorptiometry (DXA). DXA was performed at baseline, 8 weeks, and 16 weeks using a Hologic QDR2000 densitometer operating in array mode (Hologic, Waltham, MA, USA; software version 5.64A). This method has been validated against multi-compartmental methods and compared to in-vivo neutron inelastic scattering [8] [9] [10] .
Patients trained three times per week at a community health club, once in classes supervised by volunteer trainers, and twice on their own. Each session began with 20 min of aerobic exercise on a treadmill or stationary bicycle, followed by approximately 1 h of resistance training to train all the major muscle groups of the legs, back, and arms at a high level of intensity, approximately 80% of 1-repetition maximum (1-RM). Strength was assessed by 1-RM, the most weight a person can lift in good form. Compliance was examined by counting the number of sessions attended. Baseline and final measurements were compared using a t-test or Wilcoxon rank-sum test as appropriate.
Results
Patient characteristics are shown in Table 1 . The men had an average documented increase in weight of 3.1 kg over the previous year (range -1.1 to +9.5 kg). No changes in antiretroviral medication occurred during the study. Compliance, as assessed by the number of times patients came to the health club, averaged 77% of the 48 possible sessions (range 53-98%). No injuries or changes in medical condition were reported in the 10 subjects who completed the study. After 16 weeks of exercise, there was a significant decline in total body fat by 1.5 kg (= 2.1 percentage points, P < 0.01); most of this decline occurred in trunk fat, which decreased by 1.1 kg (P < 0.03). Body weight, body mass index, lean mass (+1.1 ± 2.6 kg, P = 0.23), and bone mineral density measured by DXA did not change.
Discussion
Fat redistribution in HIV-infected adults appears to be a common and potentially serious threat to the long-term health of these patients. Protease inhibitors seem likely to be implicated in most cases [1, 2] , but discontinuation of these medicines is usually not a realistic option. The results of this pilot study indicate that exercise has the potential to improve body composition in HIVassociated lipodystrophy. However, there are several limitations to this pilot study, including: (i) the small sample size; (ii) the use of a completers rather than an intent-to-treat analysis because the dropouts occurred early in the course of the study; and (iii) the absence of a control group. However, longitudinal follow-up of over 500 subjects in Boston indicates that the natural history of body composition change with HAART is a progressive increase in fat mass with lean mass [11] . The exercise prescription employed here used intensive and progressive training, but it was carried out in a community health club setting with only limited oversight by research personnel and trainers. Therefore compliance, although good (77%), was substantially lower than that seen in our laboratory-based studies (91%). This no doubt explains the lower amount of strength gain in this study compared with our previous study in this population [6] . Nevertheless, the intervention had the desired effects on body com-3. position, as fat was lost without an accompanying loss of lean mass. On the basis of the results of this study, 4. further investigation of the role of exercise training in treating and preventing HIV-associated fat redistribution is warranted. 
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